Sex ratio was 1:1 in normal diploid loath Misgurnus anguillicaudatus reared at a temperature of 20°C, but significant deviation of the ratio to the male was found when reared 25 and 30°C for 214 days from day 6 after hatching. In gynogenetic diploids which were considered genetic females, no males were observed at 20°C. In contast, gynogenetic males and intersexes were observed in groups reared at high temperatures (25 and 30°C) for 220 or 240 days from day 11 after hatching. Incubation of gyno gens at 28°C for one month from day 11 after hatching was sufficient to produce males in gynogenetic diploids. These results indicated that high water temperature influences the sex of genetic females in the loath and then induces sex reversal to physiological males.
In fish, sex is determined not only genetically by highly diversified systems, but also environmentally by various ex trinsic factors." Temperature dependent sex determination (TSD) is one of the mechanisms of environmental sex determination, originally described in reptiles." For exam ple, the alligator Alligator mississippiensis showed devia tion of the sex ratio to the male and to the female follow ing incubation at high or low temperature before hatching, respectively.3,4) In the case of turtles Caretta caretta5) and Trachemys scripta,6) high temperature incubation gave rise to a significantly higher ratio of females. Similar phenome na were reported in cyprinodontid fish Rivulus marmora tus,7,8) Atlantic silverside Menidia menidia,9-12) carp Cypri nus carpio,13) Poeciliopsis lucida,14) hirame flounder Paralichthys olivaceus,15) honmoroko Gnathopogon elon gatus caerulescens, 16) In the present study, we examined sex ratios of normally fertilized and gynogenetically induced diploid loath Mis gurnus anguillicaudatus which were reared under different temperatures.
Materials
and Methods
Experiment 1
We examined sex ratios of normally fertilized loath which were reared from 6 to 220 days after hatching at water temperatures regulated to 17, 20, 25, or 30°C. Four females and three males were collected from rice fields in Sera Town, Hiroshima Prefecture, in May, 1992. Human chorionic gonadotropin (HCG) was injected to induce ovu lation of eggs according to Suzuki and Yamaguchi.18) Ma ture eggs from each female were fertilized with a mixture of milt collected from three different males. Resultant hatching fry (n=2400) were divided equally into four different groups of about 600 fry each in four aquaria regulated to 17, 20, 24, and 30°C, respectively, at day 6 after hatching. Each group of fry was first reared in an enamel pan (length 25 x width 20 x depth 3 cm) half filled with freshwater, which was floated on the surface of an aquarium (length 60 x width 30 x depth 36 cm). After two months, normally grown individuals in the pan were moved to the aquarium. Fry were fed with Artemia sp., Daphnia sp., and later with artificial carp food together with dried Daphnia and argeass as supplemental, foods. 
Experiment 2
We examined sex ratios of gynogenetically induced loath reared from 11 to 231 or 251 days after hatching at different temperatures (20, 25, and 30°C Suzuki et al.,") and then maternal chromosomes were duplicated by in hibiting the second polar body release after fertilization with hydrostatic pressure according to Suwa et al.") Since hybrids between female loach and male carp die before feeding,") functional sperm escaping UV irradiation had to he eliminated In cross A, one group (n=133) was reared in an aquari um regulated to 30°C from 11 to 231 days after hatching, whilee the other (n=133) was reared at 20°C as a control. In cross B, three groups (n=183, including 50 orange vari ants for each) were reared at different temperatures (20, 25 , and 30°C) from 11 to 251 days after hatching. The set up of the aquaria was the same as in Experiment 1. After rearing at different temperatures, all the groups were fur ther reared at about 20°C until the end of the experiment (425 days after hatching in cross A and 500 days after hatching in cross B). Sex was checked by histological ex amination in 270 and 410-425 days after hatching in cross A and 390-400 days and 480-500 days after hatching in cross B. 
Results

Experiment 1
As shown in Table 1 , survival rates at 46 days post hatch ing (40th day after the beginning of high temperature treat ment) were low. Only 10.5% of fry survived in the 17°C group. At 220 days after hatching, 17°C and 30°C groups showed the poorest (10.0%) and second poorest (10.2%) survival rate, respectively, and the 20°C group showed a relatively high rate (20.2%%
As shown in Table 1 , in the 20°C group the sex ratio (14 females: 25 males) was not significantly different from the normal 1:1 ratio (P> 0.05). In contrast, a significantly in creased occurrence of males was detected in the 25°C group (P<0.01) and no females were found in 30°C group (P< 0.01). Histological sections of typical ovary and testis are shown in Fig. 1 . In all samples from the 17°C group, it was difficult to determine the sex histologically because of the high incidence of sexually indifferent gonads. In Experi ment 1, no intersexes were detected. Gynogenetic diploids in all the control groups were all fe male except for the three individuals derived from female 4007 in Experiment 3. The success of induced gynogenesis in these three individuals was confirmed by not only their orange phenotype (recessive trait) identical to the progeni tor, but also the use of UV-irradiated carp spermatozoa. Oshiro241 reported an exclusive occurrence of males in gy nogenetic diploid goldfish derived from some females, and suggested the involvement of genetic causes for this phenomenon. A similar conclusion was also reported in the silverside Menidia menidia, which sex was also influenced by environmental factors.'-") Therefore, it might be the same with the loath.
A few intersex individuals were detected in gynogenetic progeny at high temperature conditions. In contrast, con trol groups never included such animals. Thus, the inter sexes might be generated by insufficient treatment for the sex reversal. However, spontaneous intersexes were report ed in a closely related cobitid species. 25, 26) As described in the present study, the sex reversal by tem perature may be promissing in the loath. Therefore, fur ther optimization for the treating conditions of sex rever sal should be necessary to develop the sex manipulation technique using the temperature control in this species. Such an application has been already realized in hirame flounder.15)
